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HISTOLOGY AND CYTOLOGY OF SUGAR CANE MOSAIC’ 
MELVILLE T. Cook 


The various mosaic diseases of plants have been extremely puz- 
zling from the time they were first recognized as diseases. Althcugh 
they have been the subjects of study by some of the leading scien- 
tists of the world, the catises are as yet not definitely known. Many 
theories have been advanced as to the causes of which the following 
are some of the most important :—(1) baeterial, (2) virus, (3) phys- 
iological, (4) enzymatic, (5) protozoan. 

All students of the mosaic diseases are familiar with these 
theories and therefore, it is not necessary to discuss them further 
than to say that the ‘‘virus’’ and ‘‘protozoan’’ theories are the most 
prominent at this time. Probably the most important facts that 
we have learned about these diseases are (1) that they ean be trans- 
mitted from generation to generation through vegetative parts, (2) 
that some of them may be transmitted by means of insects, (3) that 
some of them will attack plants other than the economie crops in 
which we are interested, (4) that they may be present but not visible 
in some plants. 

The studies recorded in this paper were undertaken (1) for the 
purpose of studying histological and cytological differences between 
diseased and healthy plants and (2) for the purpose of gaining 
some light if possible as to the cause of this particular form of 
mosaic. Before taking up the results of these studies it is desirable 
to review the literature bearing directly on this phase of the subject, 
but since this paper deals only with the histological and cytological 
characters of mosaic sugar cane as compared with apparently healthy 
cane we will not refer to any literature other than that which has 
a direct bearing on these phases of the subject. It will be readily 
seen that the most extensive studies on these phases of the mosaic 
disease have been made on tobacco which is a dicotyledonous plant 
and therefore, not strictly comparable to the sugar cane which is a 
monocotyledonous plant. 


1 Received for publication July 28, 1925. 
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HISTORICAL 


The first histological studies of mosaic were made by Kéning (7) 
on tobacco but very little difference was noted between healthy and 
diseased tobacco other than that in the latter the chloroplasts were 
disorganized and the cell walls disintegrating. 


~ 


A brief reference to this phase of the subject was made by Woods 
(19) in his studies on tobacco mosaic, who noted the abnormal con- 
dition of the light-colored areas and said that— 

‘*This difference consists in the fact that in the badly diseased plants the 
palisade parenchyma of the light-colored areas is not developed at all. All the 
tissue between the upper and lower epidermis consists of a spongy or respira- 
tory parenchyma rather more closely packed than normal. In moderately dis- 
eased plants the palisade parenchyma of the light area is greatly modified. Nor- 
mally the palisade parenchyma cells of a healthy plant are from four to six times 
as long as broad. In a mederately diseased plant, however, the cells are nearly 
as broad as they are long, or at most, not more than twice as long as broad. As 
a rule, the modified cells of the leaf passes abruptly into the normal cells of the 


.? 


green area, 


Heintzel (5) does not refer to any variation in palisade cells but 
does note difference in the intercellular spaces in both palisade and 
parenchyma. He also notes that the chloroplasts were congregated 
irregularly in small groups. 

Bouygues (2) reports an absence of the epidermis and a disap- 
pearance of the cell contents in the old spots. 

The first extensive studies on this phase of the disease was made 
by Iwanowski (6) who also worked on tobacco. Although the cane 
and tobacco mosaics are probably due to different causes his studies 
are of special importance at this time. His results bearing on these 
studies may be summarized as follows: 

(1) The infectious principle is not dissolved in the juice. 

(2) Caleium oxalate crystals is characteristic of diseased plants. 

(3) Transition zone between light and dark green areas consists 
of only 2 or 3 more rows of cells. 

(4) Cross section of green part of a leaf shows the tissues well 
differentiated. 

(5) Pale part is thin; pallisade modified; crystals prominent: 
no necrosis. 

(6) Contents show lack of chloroplasts which are not. regularly 
distributed. (In live cells the chloroplasts are swollen.) 

(7) Films seen in the eells. 
(8) Sometimes cells have granulations resembling bacteria. 
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HISTOLOGY AND CYTOLOGY OF SUGAR-CANE MOSAIC 7 

(9) Nuclei normal or magnified and granular. Plasma bodies 
near them. 

(10) Finds bacteria. 

(11) Argues that this must be bacteria and not amoeba because 
amoeba can not go through a filter. 

Westerdijk (18) reports that there was no microscopic difference 
worthy of mention other than that the chloroplasts were smaller 
and yellowish and that there was but little starch. 

The next studies on this phase of the subject were made on the 
‘omato mosaic by Melchers (14) who found that the hight green or 
yellow areas were thinner than the dark green areas and that this 
was due to a shortening of the pallisade cells. The chloroplasts in 
the yellow areas were somewhat fewer in number and a pale yellowish 
green color. 

Chapman (3) in his studies on mosaic of tobacco very generally 
agrees with Woods, but he found that occasionally the parenchyma 
of the dark green areas was more compact than in the normal plant. 
He also noted that the dark green areas contained some of the in- 
fecting agent. He found no histological differences in the roots and 
leaves but says that— 


‘“‘The causal agent * * * is without question present in all parts of the 
plant.’’ 


Artsehwager (1) in his studies on the leaf roll of potato found 
certain changes in the vascular tissues but did not always find ‘‘a 
definite relation between external symptoms and internal changes.’’ 
However, he reports an accumulation of starch in the diseased leaves. 
Histological studies on the leaf roll of the potato have been made 
hy a number of European workers but since these studies do not 
appear to parallel the studies on the sugar cane mosaic. we will 
omit a discussion of them. 

The first studies on the histology of mosaic sugar cane was made 
by Matz (11) who noted the following: (1) ‘‘distinet, single, spher- 
ical, darkly colored and densely protoplasmic bodies’’ in the paren- 
chyma and collenchyma cells of the cankered stem tissues. They 
resembled ‘‘spore bodies’’ but were soluble in aleohol and he after- 
wards found them in non-yellow striped cane. (2) As a result of 
comparative studies on healthy and diseased stems (upper nodes) 
and leaves he says: 

“Tt seems that a foreign plasmodium-like substance is apparently present 


in the cells of the yellow-striped cane leaf and stem tissue.’’ 
‘*Microscopie sections of the discolored areas in yellow-striped cane stalks 
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show that some parenchyma cells are full of a more or less hardened or compact 
but finely granulated and slightly browned plasma.’’ 


(3) He also says: 


‘*From a study of the internal structure of cankered cane it is clear that 
actual deterioration and breaking down of cells in the interior of cane in an 
advanced stage of the yellow-stripe disease takes place. This effect is due to no 
other causes than to the destructive action of the infective substance of yellow- 
stripe disease, as there is apparently no connection between these interior sick 
cells and outer outside mechanical or organizd agencies. Furthermore, this sub- 
stance resembling a Plasmodium, in some of the interior cells was found to be 
constantly associated with yellow-striped cane in an advanced stage of disease.’’ 


A little later Kunkel (8) made some most interesting studies on 
the mosaic disease of corn in which he describes intracellular bodies 
which he finds in the diseased but not in the healthy plants. These 
bodies are variable in shape, irregular and amoeboid but never 
spherical. They are closely associated with the host nucleus which 
becomes enlarged. This work is of special interest to us because 
the mosaic of the corn is supposed by some workers to be the same 
as the mosaic of cane. If not identical they are probably closely 
related. 

In commenting on Matz paper he says: 


‘‘The writer is able to confirm the observations of Matz as regards the oe- 
currence in diseased cane tissue of cells filled with a hardened, granular, slightly 
brown substance. Such cells are constantly associated with the disease in ma- 
ture tissues. This substance, however, does not resemble any of the plasmodia 
with which the writer is acquainted. It does not stain like protoplasm, does 
not show a protoplasmic structure, is not vacuolate, does not contain any struc- 
ture that could be taken for a nucleus, and is not plastic. When crushed, this 
substance breaks up into irregular-shaped angular masses which keep their form 
indefinitely and do not dissolve in water.’’ 


He also says that— 


‘Cells filled with exactly the same kind of granular material are also pres- 
ent in the stalk tissues of corn suffering from mosaic.’* 


In his discussion Kunkel says: 


‘‘While it is not possible at the present time to prove that the bodies are 
living parasites, there is considerable evidence in favor of this view. They grow, 
show a structure like that of protoplasm, stain like protoplasm, and tend to be 
amoeboid in shape. It seems hardly probable that waste products accumulating 
in diseased cells or the products of protoplasmie degeneration would show these 
characteristics and would always be so closely associated with the host cell nu- 
cleus. ’’ 
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In a latter paper Kunkel (9) reported the finding of amoeboid 
bodies in mosaic diseased plants of Hippeastrum equestre. 

ln a more recent work on tobacco Palm (15) described ‘‘amoebi- 
form corpuscles’? which he apparently considers similar to the bodies 
described by Kunkel in corn mosaic. Kunkel believes that these 
‘‘amoebiform corpuscles’? of Palm and the ‘‘Plasmaanhanfungen’’ 
of Iwanowski to be the same as the ‘‘intracellular bodies’’ which he 
found in corn, tobacco and other plants. Palm also reports the 
finding of numerous extremely small granules which he believes to 
be alive and the same as the bodies which Iwanowski deseribed as 
bacteria. He has given these bodies the name of Strongyloplasma 
iwanowskir, 

In a second paper on mosaic of sugar cane, Matz (12) reviews 
the works of Iwanowski, Kunkel and Palm in the light of his own 
studies and further states that— 

‘Tn the diseased tissue the chloroplasts are few and are evidently misshaped 
and broken up. In stained sections they look like mere ink spots, one or two in 
a cell. This destruction of chloroplasts is a symptom of sugar-cane mosaic and 
it fixes the seat of the disease mere definitely. Apparently the cell walls and 
other cell contents are not affected, but the chloroplasts are gradually destroyed.’ 


He furthermore says— 


““Tt was seen that the breaking up of the chloroplasts begins with a reduc- 
tion in their size. The chloroplasts in the healthy or green parts of the same 
leaf were normal in their size and numbers, while in the discolored or pale-green 
stripes chloroplasts in all stages of reduction were noted.’ 


The next paper bearing directly on the subject was also by 
Kunkel (10) who found intracellular bodies in Chinese cabbage, 
Brassica pekinensis (Lour) Gagn., sugar cane, Succharum officina- 
rum I., and in tobaeco, Nicotiana tabacum L. In discussing these 


bodies he says: 


‘*While no attempt will here be made to fully describe the bodies found in 
the mosaic tissues of Chinese cabbage, sugar cane, and tobacco, a brief state- 
ment regarding them may be of interest. In each of these plants the amoeboid 
bodies are quite similar to, but somewhat different from the bodies associated 
with the mosaic in corn and Hippeastrum. In the leaves of the Chinese cabbage 
they reach about: the same size that they do in the leaves of Hippeastrum. They 
are usually not in contact with the host nucleus and may occupy any part of the 
cell. They frequently have a number of chloroplasts clustered around them. In 
structure and in staining reaction they are similar to the bodies of corn mosaic. 
The bodies associated with the sugar-cane mosaie tend to stain more deeply than 
do those in any of the other plants studied, and are more irregular in shape. 
*“ = * Because of the fact that the older tissues of the sugar-cane plant be- 
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come very hard they are not suitable for cytological studies. Satisfactory sec- 
tions showing the bodies of cane mosaic have been made from stalk tissues only. 
The best sections were obtained from tissues a short distance back of the grow- 
ing point.’’ 

‘After having found intracellular bodies associated with mosaic in corn, 
Hippeastrum, Chinese cabbage, and sugar cane, a study was made of stained sec- 
tions of healthy and mosaie tobacco leaves. In some of the sections of mosaic 
leaves, bodies similar to those described in corn and Hippeastrum may plainly 
be seen. In morphology of the host cell, they are much like the bodies found in 
the cells of the other plants.’’ 


At about this time extensive h‘stological studies were made by 
Dickson (4) on a number of species of plants infected with mosaic. 

In the case of tobacco he found diseased leaves about two-thirds 
as thick as the normal leaves; the palisade parenchyma cells of 
diseased leaves shorter than those of normal leaves and in the case 
of severely infected leaves these cells were cuboidal or isod‘ametrie. 
In some cases there were two layers of short palisade cells in severely 
diseased leaves. The cells in the spongy mesophyll of diseased 
areas were smaller than those in the dark green areas or in normal 
leaves and the total area of intercellular spaces in healthy parts 
50 per cent greater than in diseased parts. The trichomes were 
more abundant in the light than in the dark-green areas. The 
number of chloroplasts in the light-green areas was much less than 
in the dark-green areas in healthy leaves and retrogressive changes 
were frequent. He also ‘‘observed occasional instances in severely 
diseased specimens where the nuclei were irregular in shape, being 
subspherical to angular, or cons‘derably hypertrophied.”’ 

He also found a very similar condit’on in the tomato, petunia, 
potato, black henbane, pepper, sweet pea, kidney bean and _ broad 
bean. 

A little later McKinney, Eekerson and Webb (13) published the 
results of what may be a similar disease of wheat. They found 
intracellular bodies in rosette and mottled wheat but did not find sim- 
ilar bodies in healthy plants. In commenting on the findings in this 
paper it should be borne in mind that these diseases of wheat may 
he carried in the soil which is not true of the mosaics. The authors 
of this paper find that these bodies are usually single; that they 
are variable in s‘ze and that they increase in size with the age of the 
host cell; that the relation to the nucleus is variable, occasionally 
or completely surrounding it; that they appear to be surrounded 
by a membrane; that the infected cells are not different from the 
healthy cells and that the host nuclei show little or no abnormalities. 
Smith (17) made a study of the potato mosaic and noted amoeba- 
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like bodies in the yellow chlorotic areas. These bodies ‘‘tended 
towards pear-shaped or round.’’ ‘‘These corpuscles seemed to be 
possessed of a definite wall and had in addition one or more very 
clearly defined vacuoles.’’ ‘‘In many cases they were closely as- 
sociated with the cell nucleus.’’ He failed to find nuclei in these 
bodies and the chloroplasts were much reduced in number. The cell 
walls were frequently ruptured and there was a general disintegra- 
tion of tissue in the light green or yellow areas and the ‘‘nuclei 
themselves are in a state of complete degeneration.’’ He _ believes 
the intracellular bodies to be ‘‘degenerate products of the host cells.’’ 

The last paper on the subjeet is by Rawlins and Johnson (16) 
who made cytological studies of tobacco and who found two types 
of bodies in mosaic tissues, one type being very generally associated 
with the nuclei. 


INVESTIGATION AL 


The studies on which this paper is based have been directed pri- 
marily along lines suggested by the researches of Iwanowski (6), 
Palm (15) and Kunkel (8, 9,10). The killing fluid most generally 
used was weak Fleming but Carnoy’s fluid and several mixtures of 
pierie and acetic acids both with and without corrosive sublimate 
were also tried. Weak Flemming fluid proved to be most satisfactory. 
The most satisfactory stain was found to be Haidenhain’s Iron- 
alum-Haematoxylon, care being taken not to destain too much. The 
bodies which are associated with the mosaic disease showed to the 
best advantage when the nuclei of the cane were stained too deep 
for satisfactory study. A number of matrix stains such as Orange 
G and Eosin were used but were not necessary to good results. 
Safranin and Gentian Violet were found to be much less satisfactory 
than the Iron-alum-Haematoxylon. Carmin stains were tried but 
proved unsatisfactory. 

These studies have to do with both leaves and stems. A few 
studies were made on the roots, but since no difference between 
roots from healthy and diseased plants were noted, they will be 
omitted. In making the studies of diseased leaves, sections were cut 
from both dark and light green or yellowish spots; and from cane 
of the same variety and about the same age, supposed to be healthy. 
In the study of the diseased stems, buds and roots, preparations 
were also made from corresponding parts of supposedly healthy 
canes of the same variety and age. 

In order to aid in the discussion, we will present a somewhat 
digramatie drawing (Fig. 1) of a cross section of a normal cane 
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leaf to be used as a map in our further discussion. In this drawing 
it will be noted that. the leaf is made up of a mesophyll consisting 
of large and small cells, the former be‘ng near the upper surface 
and usually without chlorophyll; there is no pallisade as in most 
plants; the mesophyll is supported by fibro-vascular bundles of 
various sizes, and the larger ones extending almost from epidermis 
to epidermis; the smaller ones lying near the lower surface; the 
upper epidermal cells are slightly larger than the lower and the 
upper cutiele slightly thicker; the stomata are found on both sur- 
faces. The large fibro-vascular bundles consist of xylem cells sur- 
rounded by sclerenchyma cells which are in turn surrounded by a 
single layer of sheath cells. In the smaller bundles the sclerenchyma 
cells are reduced in number and may be absent. The sheath cells are 
more or less tubular; in cross section they appear more or less 
circular and in the longitudinal section rectangular. The nuclei are 
readily seen in the irregular parenchyma unless concealed by chloro- 
plasts. They are usually more prominent in the large parenchyma 
and epidermal cells. They are more prominent in longitudinal than 
in cross sections of the sheath cells, because the diameter of the 
cells is so narrow that practically every section through a cell shows 
the nucleus while the length of the cells is great enough that many 
sections of a cell do not pass through the nucleus. The chloroplasts 
are larger in the sheath than in the other mesophyll cells and the 
markings more regular and distinet. There is also much less chloro- 
phyll in the large than in the small cells of the mesophyll. 

It is well known that the leaf symptoms of mosaic are most 
conspicuous on actively growing cane and on the new leaves. In a 
mosaic cane bearing fifteen or twenty leaves the symptoms on the 
oldest leaves have almost entirely disappeared. This has been ob- 
served repeatedly on canes that had been under observation from 
time of germination. A study of the cells of these leaves shows that 
the chloroplasts are always more numerous in the dark-green than 
in the light areas. Therefore, it appears that in the case of the 
light-green areas the formation of chloroplasts is inhibited but that 
with the exposure to sunlight this inhibition is gradually overcome. 

Measurements of a number of specimens showed that the light- 
colored areas were always slightly thinner than the dark-green areas 
of the same leaf. This difference is so slight in most cases as not to 
be pereeptible except as the resuit of careful measurements. Similar 
differences in thickness have been noted by Iwanowski and Woods 


on tobacco and by Melchers on tomatoes. There was no perceptible 
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difference in form, size, compactness of cells such as have been 
mentioned by Woods, Heintzel, Bouygues, Iwanowski and Chapman 
in tobacco and by Melchers in tomato. However, it should be 
remembered that tobacco and tomato are both dicotyledonous while 
cane is monocotyledonous and that the normal leaf structures are 
quite different in most species of these two great groups of plants. 
Therefore, the comparisons of structure of the one with the other 
are not altogether pertinent in this discussion. 

There was no great variation in size and character of cells in 
mosaic cane as compared with healthy canes such as have been noted 
by Woods Heintzel, Bouygues, Iwanowski and Chapman in tobacco, 
by Melehers in tomato, and by Artsechwager in potato. However, 
there was a very slight reduction in size of cells in mosaic canes, 
especially in the sheath cells of the fibro-vascular bundles. 

The intracellular bodies which have been deseribed by Kunkel 
could be found by careful search (Figs. 2-22, 35, 36) but they were 
not abundant or conspicuous. They were found in the white areas 
of the leaves and near the growing points in the stems of the canes 
and sometimes in other places, but never in healthy canes and never 
in the roots of diseased canes. They were more readily found in 
voung rapidly growing plants than in old plants. They were not 
always found in severely diseased plants. It is doubtful if they 
would have attracted the attention of the writer if he had not been 
looking for them. 

These bodies correspond quite well to those deseribed by Kunkel. 
They appear to be protoplasmic and usually have a more or less 
definite outline. They were closely associated with the nuclei and 
are irregular in size and character. In most cases the bodies were 
in direct contact with the nuclei, but in a few cases they were 
slightly removed (Fig. 35). Although irregular in shape, they were 
seldom amoeboid (Figs. 15, 16). In some cases the plasmodial body 
was dense and in others very delicate and staining very slightly. 
In some eases these bodies appeared to be surrounded by delicate 
membranes while in others no such membranes could be detected. 
Th's condition has been noted by Kunkel. In some cases peculiar 
bodies (Fig. 24) were found in cells in which their nucleus could not 
be seen, but it was impossible to determine if they were or were not 
the same as those associated with the nuclei in other cells. No 
nuclei could be detected in any of the bodies under observation. 
In no ease was the veil-like structure described by Kunkel observed. 


The variations in appearance of the host nuclei (Figs. 25-39, 
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55-58) were quite noticeable. In some cases there was no visible 
change in the character of the nuclei while in others the nuclei were 
very much enlarged as has been previously noted by Kunkel. In 
some cases there were two or more nuclei in a single cell but this 
was also true in tissues from plants that were apparently healthy. 
Two or more nuclei were much more frequent in the cells of the 
stems than in the cells of the leaves. In some few cases a tendency 
to disintegration (Figs. 23, 37) was noted but the writer is very 
doubtful if this had any relation to the disease. However, the 
greatest abnormalities in the nuclei were in the white or vellow areas 
of the leaves. The nuclei in these areas were usually very large and 
very irregular in shape as compared with nuclei in the dark green 
areas and in normal leaves of the corresponding age and development. 
In these green areas and in normal plants the nuclei were compa- 
ratively small and spherical in form. <A very puzzling feature of 
this study is that the writer found very few of the intracellular 
bodies in those cells which showed the greatest abnormalities (Figs. 
35, 36). Many of the abnormal nuclei were very much elongated 
and resembled flagellata (Figs. 28-34) but there was no difficulty 
in determ'ning their true character. These elongated nuclei must 
not be confused with the elongated nuclei of the vascular tissues; 
they are in the parenchyma cells and the size and form has all the 
appearances of being the results of stimulation. In several cases 
there was evidence that the nucleus had been destroyed and _ that 
the plasmodial bodies (Fig. 24) alone remained in the e¢ells but it 
was difficult to say definitely whether these bodies were or were not 
distinet from the normal protoplasm of the cells. The enlargement 
of the nuclei of host cells in the case of diseases caused by fungi 
and bacteria has been recorded by a considerable number of workers. 
It is also very generally conceded that host cells which are not in 
direct contact with the parasite may undergo modifications. The 
modifications may be due indirectly to the parasite, through the 
direct action of its enzymes on the host cell. Therefore it is possible 
that the modifications of the host nuclei in the mosaic sugar-cane 
cells are due to enzymes. This may explain the fact that intracel- 
lular bodies were not found more frequently associated with the 
abnormally developed cells. It is well known that cells in host 
plants which are not in contact with the parasitic organisms, such 
as nematodes and Plasmodiophora brassicae develope abnormal char- 
acters. In this connection it is interesting to recall that the enzyme 
theory. was advanced by Heintzel in 1900 and was further elaborated 
by Woods in 1902. 
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Another interesting phase of this study was brought out by a 
careful study of nuclei in the white areas of all the leaves of a 
diseased plant (Fig. 39 a—j). In these cases the nuclei in the outer 
leaves are very nearly normal while those in the inner leaves are 
abnormal. It appears that the nuclei tend to become normal with 
age and exposure to light. 

The mitosis of nuclei was observed several times and was normal 
in every ease. No intracellular bodies were seen in cells in which 
the nuclei were in process of division. 

The variation in character of the chloroplasts (Figs. 40-50, 55- 
58), in mosaic and healthy tissues was fully as marked as the varia- 
tions in character of the nuclei. In considering this phase of the 
subject the reader must remember that there are two very distinct 
types of chloroplasts; those found in the sheath cells and those found 
in the parenchyma tissues which have already been referred to (see 
page 12.) The chloroplasts in the white or yellow areas were fewer 
in number and smaller than in the green areas. In making these com- 
parisons it is necessary to compare with the corresponding tissues, 
since the chloroplasts in the sheath cells are normally larger and 
have more definite markings than those in the mesophyll cells. Similar 
differences in size and number of chloroplasts in cells from white 
and green areas have been noted by Koning, Iwanowski, Melchers, 
Matz and others in their studies on mosaic of tobacco, tomato and 
cane. 

The chloroplasts in normal sheath cells are spherical or nearly so 
and are usually near the cell wall, leaving an open space in: the 
center of the cell (Fig. 40). In the case of diseased cells they are 
fewer in number, very much smaller and are grouped near the wall 
in one part of the cell (Fig 41, 43). A close examination of these 
chloroplasts shows that those that are normal are covered with an 
anastomosing net work of ridges (Fig. 49a). Those from diseased 
cells have these ridges very much reduced (Fig 490). These points 
ean be readily seen in lightly stained chloroplasts. 

The chloroplasts in the normal mesophyll cells (Figs. 44, 46a, 
47a) next to the sheath cells are somewhat smaller than the chloro- 
plasts in the sheath cells. They are spherical or nearly so and have 
no regular distribution. In the corresponding cells of a diseased 
plant they are very much smaller and usually fewer in number 
(Figs. 45, 466, 4760). The markings on these chloroplasts are much 
less distinct than on those in the sheath cells. 


The small chloroplasts of the mosaic cells are usually spoken of 
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as having undergone a process of degeneration. The writer has 
studied the chloroplasts in the very young unrolled leaves and is 
satisfied that these chloroplasts are undeveloped rather than disin- 
tegrated. They have never reached normal development. Further- 
more a study in a series of leaves from those just unrolling to the 
outermost on a plant shows that the chloroplasts of both normal and 
mosaic cells (figs. 50 a-i) increase in size after being exposed to 
light. These changes which are apparently due to age or light are 
so pronounced that there is very little difference in size of chloro- 
plasts in the old leaves of a diseased plant and the chloroplasts in 
a leaf of the same age from a healthy plant. The writer is very 
doubtful if disintegration ever occurs in the case of primary infee- 
tion (i. e., infection from the seed). 

Matz (11) called attention to the formation of internal cavities 
as a result of the collapse of parenchyma cells. These lesions have 
been referred to later by Kunkel (3) as symptoms of the mosaic 
disease. These lesions are without doubt common to mosaic sugar 
cane, but are also found in cane with other diseases. Our studies 
indicate that these lesions may start very early in the growth of the 
cane, especially if the plant is severely infected. The writer found 
the early stages of these lesions (Fig. 51-54) starting by a gradual 
disorganizing of the walls of the xylem cells of the fibro-vascular 
bundles and of the parenchyma cells in contact with the bundles in 
both stems and leaves. This disorganization of the cell walls was not 
preceded by a thickening of the walls as described by Kunkel. The 
disorganization of cell walls by the action of enzymes produced by 
fungi and bacteria is well known in the case of many plant diseases, 
and the disorganization of the cell wall in this case is certainly anal- 
ogous if not homologous to the disorganization of cell walls in a num- 
ber of other well-known plant diseases. The behavior of these cells 
before the disintegration of the cell walls was by no means uniform. 
In most cases they were filled with a dense mass of deep-staining 
protoplasm (Fig. 51a), but in other cases the protoplasm was not 
dense (Fig. 510). In many cases there were small deep staining 
hodies seattered through the protoplasm mass (Fig. 5106). With 
the disintegration of the cell walls (Figs. 52, 53), these masses of 
protoplasm became very prominent, like numerous islands floating 
in a clear liquid. Numerous deep staining bodies were observed 
scattered among these islands. They stained exactly the same as 
nucleoli set free by the disintegrating protoplasm. However similar 
bodies were observed in section of normal tissues. The fate of this 
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disintegrating protoplasm was not determined. None of the intra- 
cellular bodies were found in it. This disintegration of cell walls 
was observed in the fibro-vascular bundles in both stem and leaf. 
The fact that it was always associated with the fibro-vascular bundles 
may be of some significance. 

Matz has called attention to the presence of a ‘‘granular plasma 
material’’ in the parenchyma cells. Material which is probably the 
same as that noted by Matz has been observed by the writer. This 
material is frequently found in canes in advanced stages of the 
disease, especially old canes, but it is also found in canes with other 
diseases and in old canes that are apparently normal. Therefore, 
it is doubtful if it can be looked upon as important. However, the 
writer frequently noted a peculiar finely granular or protoplasmic 
material in cells, but it was impossible to determine its significance. 

The photosynthetic action of diseased plants was very much dis- 
turbed. Studies were made from leaves collected before daylight 
and from corersponding leaves collected about 2 P. M. In the ease 
of healthy leaves the behavior was normal; there was an abundance 
of starch at 2 P. M. and very little at 5 P. M. In the case of diseased 
leaves there was much less starch formation than in healthy leaves. 
A more extensive report on this phase of the subject will be given 
in a later paper. 

SUMMARY 


1. The symptoms of mosaic are more conspicuous on actively 
growing than on slow growing plants; and on the new than on the 
old leaves of a diseased plant. 

2. The light areas of a diseased leaf are slightly thinner than 
the green areas. 

3. The green areas correspond in every way to the leaves from 
healthy plants of the same age and variety. 

4. The cells in the light area of a diseased leaf are slightly less 
in size than those in the green areas. 

5. Intracellular bodies were difficult to find but corresponded 
quite well with those reported by Kunkel. 

6. The host nuclei were usually very much enlarged in the dis- 
eased tissues, especially in the tissues of the leaves. They were 
frequently very irregular in form and it was very difficult to find 
intracellular bodies associated with them. 

7. The chloroplasts were smaller and fewer in number in the 
mosaic than in the healthy tissues. 
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8. The internal cavities in both stems and leaves start with a 


disintegration of the cell walls. 
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EXPLANATIONS OF PLATES 


Fic. 1.—Cross section of normal cane leaf. Semi-diagrammatie. 
a) Upper epidermis. (b) Lower epidermis. (c) Cuticle. (d) 
Stomata. (e) Large parenchyma cells, usually without chloro- 
phyll. (f/f) Small parenchyma cell with an abundance of chloro- 
phyll. (g) Sheath cells of the fibro-vascular bundles. (h) Schle- 
rencyma cells of the fibro-vasecular bundles. (¢) Xylem cells of 
the fibro-vascular bundles. 

Fics. 2-16.—Intranuelear bodies found in the leaves of mosaic sugar 
cane, showing variations in character. 

Fics. 17-22.—Intracellular bodies from the stems of mosaic canes. 

Fig. 23.—A_ degenerating nucleus and a protoplasmic mass which 
appears be an intracellular body. 

Fic. 24.—Two bodies from cells that do not show nuelei. 

Fig. 25-34.—Enlarged and abnormal nuclei from white areas otf 
mosaic leaves. 

Fic. 35, 36.—Cells from a white area of a mosaic leaf showing en- 
larged nuclei with intracellular bodies in close contact. 

Fic. 37.—Two cells from the stem of a mosaic cane. One showed an 
enlarged and the other a degenerating nucleus. 

Fic. 38.—Normal nucleus from healthy cane. 

Fig. 39 (a—j).—A series of outline drawings of nuclei from mosaic 
tissues beginning with the outside leaf and working inward. Each 
letter represents a leaf. The nuclei in the outer leaves are ap- 
parently normal while those in the inner leaves are abnormal in 
form and size. 

Fic. 40.—Cross section of normal sheath cell, showing normal nucleus 
and chloroplasts. 

Fic. 41.—Cross section of mosaic sheath cell, showing abnormal nu- 
cleus and chloroplasts. 

Fic. 42.—Longitudinal section of normal sheath cell. Nucleus 6.6 
mim. Chloroplasts +.4 mm. 

Fic. 48.—Longitudinal section of mosaic sheath cell. Nueleus 6.6 
mm. Chloroplasts 2.2 mm. 

Fic. 44.—Normal parenchyma cells, next to sheath cells. 

Fic. +5.—Mosaie parenchyma cells, next to sheath cells. 

Fig. 46 ¢—Parenchyma cell from an outside normal leaf. 

Fic. 46 6.—Parenchyma cell from an outside mosaic leaf. 

Fic. 47 a—Parenchyma cell from inside mosaic leaf. Nucleus 4.4 
mm. Chloroplasts 3.8. mm. 

Kia. 47 b.—Parenchyma cell from inside mosaic leaf. Nucleus 7 
inm. Chloroplasts 1.5 mm. 

Fic. 48.—Parenchyma cell from mosaic leaf showing abnormal nu- 
cleus and reduced chloroplasts. 

Fic. 49.—Chloroplasts from sheath cells of leaf. (a) Normal tis- 
sues. (b) Abnormal tissues. Note variations in size and mark- 
ings. 


Fig, 50.—Series of outline drawings of chloroplasts from leaves of 
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mosaic plant. The letters start with the outside leaf; the smail 
drawing for each letter represents the relative size of the chloro- 
plasts from the mosaic area as compared with the size of the 
chloroplast from the cells of the normal area. The drawings on 
the left in each case are from normal, while those on the right in 
each case are from mosaic cells. 

Fig. 51. (a and b).—Two eells from fibro-vaseular bundle of mosaie 
plant just before the breaking of the cell wall. 

Fic, 52.—First stage in the disappearance of the cell walls. 

Fic. 53.—Later stage in the disappearance of the cell walls. 

Fig. 54.—A protoplasmic mass soon after the disentegration of the 
cell walls. 

Fig. 55.—A_ section through a normal leaf. 

Fig. 56.—A section through white tissue in the early stage of the 
disease. Parenchyma cells. Note the enlarged nuclei and reduced 
chloroplasts. 

Fic. 57.—A section through the white area of a leaf in the more 
advaneed stage of the disease. Parenchyma cells. Note the en- 
larged nuclei and reduced chloroplasts. 

Fig. 58.—A section through the white area of a leaf in the more 
advanced stage of the disease. Sheath cells. Note the enlarged 
nuclei and reduced chloroplasts. 
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THE QUEENSLAND RASPBERRY (Rubus probus) 
A SPECIES ADAPTED TO TROPICAL CONDITIONS 


J. P. GrirFitu, Plant Breeder, Insular Experiment Station 
ORIGIN 


The Queensland raspberry is said to be of stock originating with 
James Pink of Brisbane, Australia, as a reported cross between a 
variety received from Japan under the name Rubus ellipticus, and 
hubus rosaefolius, the latter being the pistillate parent. 

A letter dated November 26, 1923 was addressed by the writer 
to Mr. James Pink for further information concerning the origin of 
the Queensland raspberry, as well as to ascertain something of the 
conditions under which the berry was produced and the extent of 
rts culture in Australia. It was also our plan to compare the 
orignal stock with that introduced to Porto Rico in 1912, which 
Dr. Bailey believes to be a second-generation cross and which may 
show po'nts of difference from the original (first generation hybrid). 

On January 21, 1924, Miss Jane M. Pink, sister to Mr. James 
Pink wrote from Br’sbane that her brother had passed away on 
November 2, 1923. He had been so ill during the last few veers 
that he had been unable to get into his experimental garden. As a 
result the garden became a wilderness and the raspberry in question 
had evidently ded out. 

Later a column in one of the Australian papers told of the work 
of Mr. Pink. An extract from this follows: 

‘“Mr. Pink was a noted student of the Mendelian system of plant breeding 
and on many occasions showed his proficiency in crossing types in Queensland, 
some of which were found to be cf high merit. One of the most useful exam- 
ples of cross pollination accomplished by the deceased gentleman and an eminent 
success was the crossing of the wild native raspberry (evidently Rubus rosaefo- 
lius) with the Himalayan variety (Rubus ellipticus) introduced by Mr. William 
Soutter many years ago when in charge of the Acclimatisation Society at Bowen 
Park.’’ 

THE PORTO RICAN STOCK 

In 1912 the U. S. Department of Agriculture sent to the Porto 
Rico Experiment Station, Mayagiiez, plants of the Queensland berry 
under the Bureau of Plant Industry Number 23748, with the note 
that it was a hybrid raspberry, combining Rubus rosaefolius (the 
staminate parents), with Rubus ellipticus (the pistillate). An il- 
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Rubus probus) (Size greatly reduced) 


“aM *.—f£Tulting Cluster of the Queensland Raspberry ( 
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lustration of a fruit cluster appears in the 1912. Annual Report of 
the P. R. Experiment Station, without notes regarding the berry. 

The writer’s first experience with the Queensland raspberry was 
ahout ten vears later when in 1921 he took up the position of hor- 
ticulturist with the Insular Experiment Station, Rio Piedras. At 
that t'me there was a planting of about ten plants of the Queens- 
land berry together with two other species, of which our naturalized 
raspberry, Rosaefolius, was one, the other being Rubus bogotensia. 
The exceptional vigor and productiveness of the Queensland berry 
attracted the writer’s attention at the time and roused his curiosity 
as to the specific name of the plant. Somewhat later specime? 
plants of the Queensland raspberry and Rubus rosaefolius were sent 
to Dr. L. H. Bailey for his extensive Rubus herbarium at Ithaca, 
N. Y. It was not until 1923 that the Queensland berry was given a 
specific name and called ‘‘Rubus probus’’ by Dr. Bailey. In his 
*“Gentes Herbarum-Certain Cultivated Rubi’’, published in No- 
vember 1923, pp. 150-151, Dr. Bailey calls attent‘on to the newly 
named species Rubus probus, giving a brief description and using 
the illustration which appeared in the 1912 Annual Report of the 
Porto Rico Experiment Station. 

Bailey’s description is largely technical and includes in addition 
only some brief notes as to the origin of the berry. Dr. Bailey has 
not we believe, seen the plant under culture and does not know 
intimately of its horticultural character. Dr. Bailey also includes 
Rubus probus in his ‘‘Manual of Cultivated Plants’’ (MacMillan 


1924), see page 355. 
25 crop in Rio Piedras that the writer 


It was not until the 1923-2: 
realized the possible importance of the Queensland berry to Porto 
Rican horticulture, though he has written various reports for the 
Insular Experiment Station and for the local paper, ‘‘Porto Rico 
Progress’’ (See Dee. 22, 1923, Jan. 26, 1924, Oct. 18, 1924), which 
tell of the merits of this berry. Mr. George Darrow, Pomologist of 
the U. S. Bureau of Plant Industry, Washington, in his Department 


cireular 320 (Aug. 1924), ‘‘The Van Fleet Raspberry —a New 
Hybrid Variety’’, calls attention to the Queensland raspberry, men- 
tioning its culture in Australia and Porto Rico. The latter part 
refers to my article, ‘‘Developing a new Raspberry for Porto Rico’ 
which appears in the Porto Rico Progress, Vol. 21, No. 51 p. 8. 
Plants and seed of the Queensland Raspberry were sent to Mr. Dar- 
row, the former reaching Washington in good condition February 


16, 1924. 
The best planting so far seen was that made on the grounds of 
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Female Parent of Queensland 


(Photo original) 
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THE QUEENSLAND RASPBERRY 33 
the Insular Expt. Station in November, 1923. The 32 plants in this 
group appeared to reach their maximum development, being loaded 
with fruit from December 15, 1924, up to about Mareh 1, 1925, when 
they passed their prime, and from then until March 15 produced 
only a few fruits. This planting has been used in our hybridization 
tests. 

Other plantings have been made at Mayagiiez (also in the low- 
lands) and at Villalba (elevation about 1,700 feet). At both places 
the Queensland raspberry has developed and fruited well. Mr. T. B. 
McClelland, Horticulturist of the P. R. Experiment Stat‘on, says 
that ‘‘the Queensland raspberry suffers considerably from the dry 
season there in Mayagiiez. Plantings made during the dry winter 
period are sometimes killed entirely, but when the water supply is 
adequate, the plants develop well’’. Mr. MeClelland thinks the 
berry worthy of wide distribution in Porto Rico. We have had 
favorable reports of the behavior of mature plantings of Queensland 
raspberries from the north, west and south sides of Porto Rico, but, 
to gain fuller information, plantings have been made at the gov- 
ernment test farms located in the towns of Trujillo Alto, Vega Baja, 
Arecibo, San Sebastian, Sabana Grande, Villalba and Cayey. These 
plantings are still young. 

Plants of the Porto Rican stock have been sent to Mr. R. S. Nason 
of Orlando, Florida, who is interested in the improvement of Rubi 
and tropical fruits in general. Mr. Nason reports that Rubus probus 
is growing well in Florida, but it is too early to give a final report 
on it there. It will be interesting to know something of the hardiness 
of this plant. 

CHARACTERIZATION 


The Queensland raspberry is a vigorous-growing erect or slightly 
drooping plant, reaching a height of 7 or 8 feet. The stems are 
large, coarse and glabrous, with a few short, stra'ght spines. It ap- 
parently has none of the characters of its male parent, Rubus ellip- 
ticus, unless a vigorous vegetative quality has been inherited by 
Rubus probus. On our grounds we have a planting of Rubus ellip- 
ticus adjoining that of the Queensland berry, with a planting of 
R. rosaefolius also near, so that the three may be readily compared. 
Rubus ellipticus' makes a rank vegetative growth, up to 10 or 12 
feet, has coarse stems with heavy red pubescence and long sharp, 
curved spines. Rubus rosaefolius is a weak decumbent plant, grow- 
ing up to only about 3 feet in height. 

It is a more spiny plant than R. probus. 
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FIG. 3.—The Himalaya Raspberry (Rubus ellipticus), Male Parent of the Queensland Raspberry. 
Stake held by writer is nine feet high 
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Technical description:—(after Bailey) ‘‘Rubus probus is related 
to Rubus rosaefolius, differs in being glabrous on petioles, leaf blades 
and pedicels, less thorny: leaflets 3 to 9, but usually 7 and relatively 
much broader, ovate lanceolate to nearly ovate on short fruiting 
branches, margins more deeply and sharply serrate, veins very promi- 
nent; flowers more clustered; calyx lobes acute to short cuspidate 
little if at all exceeding the petals; fruit red seedy depressed end- 
wise so that it has a flattened appearance, detaching from the recep- 
tacle in the form of a ring. Plant upright about 8 feet high; canes 
not perennial, somewhat bend‘ng, but not climbing; leaves 8 to 10 
inches long on vigorous growths and leaflets to 4 inches long.’’ 
‘Certain Cultivated Rubi’’ page 150). 

Rubus probus suckers readily from the root, throwing up strong, 
vigorous, rapidly growing shoots from the fleshy roots of the plant. 
In the strong character of its suckers, Rubus probus more closely 
resembles R. ellipticus than it does R. rosaefolius. 

The fruit of Rubus probus is produced very abundantly, many 
clusters setting 8 to 10 berries, as shown by an accompanying il- 
lustration. The writer counted 33 berries on a clump of three 
clusters grouped together. The berries when fully matured are 
large and flattened and of fairly good flavor though not comparing 
so favorably with the best northern raspberries, lacking the dis- 
tinctive character of the latter. The individual berries of R. probus 
are larger than those of either parent fruit of the Queensland berry, 
is rather perishable and crumbles too easily for a good shipping 
berry. <A large quantity of fruit has been sold from the Station 
grounds the past season for 15 cents a pint and is evidently ap- 
preciated by the native Porto Ricans. Continental Americans who 
are familiar with northern raspberries do not react so favorably 
towards the Queensland berry, but some who have tried it in the 
form of jelly or jam speak well of it. The Station Entomologist, 
Dr. H. L. Dozier, who was not familiar with either the wild berry 
(R. rosaefolius) or with the Queensland berry before coming to 
Porto Rico recently, pronounced the latter to be of better flavor. 
The writer also prefers the fruit of the fully mature Queensland 
berry. Many of those who have known the northern raspberry may 
acquire a taste for the Queensland berry by continued use. 

Considerable quantities of the wild berry (Rubus rosaefolius) are 
constantly being sold at points in the hills of Porto Rico, near Aibo- 
nito, where the berries reach perfection, and on the Cayey-Guayama 
road. An accompanying photo illustrates this berry. The children 
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ubus probus), Showing Vigorous Young Sucker Plants. 


Photo, Insular Station, 1925. 
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vather the fruit under the shade trees in the coffee plantations and 
sell them for about 10 cents a quart to passing tourists. The fresh 
fruit is also sometimes carried down from the h'lls in small straw 
haskets and sold in San Juan. The wild berry is put up in the form 
of jelly and jam by an Aibonito hotel and by private individuals 
living near the town, who prepare the product for sale in San Juan. 

Some comparisons between the Queensland raspberry and our 
naturalized wild berry are interesting. From a fruiting standpoint, 
Rubus probus has several advantages over R. rosaefolius. The former 
produces large clusters of fruit as we have noted above, sometimes 
running ten to the eluster. R. rosaefolius produces only a single 
fruit on a terminal. The fruits of Rubus probus are large and of 
hetter flavor than those of R. rosaefolius. However, if the fruits of 
I. probus are picked before fully mature they are too acid to be 
very palatable. Both 2. probus and R. rosaefolius have very perish- 
able fruit, to the thimblelike shape of the latter is more desirable. 
The fruits of Rubus probus reach their full development in both the 
lowlands and highlands of Porto Rico, while R. rosaefolius reaches 
its maximum only in the higher elevations of the Island. 

As regards plant development, the Queensland berry has also 
certain advantages over the native berry. The Queensland berry 
will develop normally in bright sunlight under open field conditions, 
while the Rubus rosaefolius requires a part shade for its proper 
development, and so is not suited for field culture. The Queensland 
herry makes a vigorous erect plant growth and the suckers ‘‘take 
hold’’ readily when field planted. The wild berry makes a weak, 
low, spreading plant growth and is very difficult to establish by 
suckers. The tall growth of the Queensland berry permits easy 
picking of the fruit, while the wild berry is so low and produces so 
sparingly that the harvest is difficult. 


PROPAGATION 


The Queensland raspberry propagates very readily in three forms. 
The quickest method of establishing a plantation is by the use of 
suckers, which are always abundant. Plants may be grown from root 
cuttings 4 to 6 inches in length by bedding them in sandy soil. 
Practically all will sprout strong plants. We find that Rubus probus 
comes more readily from seed than most other berries with which 
we have been working. Our best results have been obtained on a 
steam-sterilized sandly soil. The seedling method is, of course, a slow 
way of producing plants. In order to determine whether our stock 
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of the species, Rk. probus, isa pure one, some 200 seedlings were 
raised at the Insular Station in 1924. They showed no noticeable 
variation from the parent type. 

In connection w:th the germinat‘on of Rubus seed we have received 
some interesting information from Dr. Chas. A. Shull, plant phys- 
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FIG. 5.—A Hybrid Raspberry Rubus probus (Female) X Rubus 
stringosus (Male) Produced in January, 1925 (Cuthbert Rasp- 
berry the pollen bearer) 


iologist at the University of Chieago, and from Mrs. Opal Davis, 
formerly in Chicago but now at the Boyce-Thompson Institute for 
Plant Research, Yonkers N. Y. Th's relates to the treatment of 
Rubus seed with sulfur’e acid to hasten germination and is a con- 
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tinuation of the study started by R. C. Rose in 1919. In Rubus the 
dormancy is due to the high breaking strength of the pericarp, which 
is eliminated by treatment with acid under proper conditions. In 
the ease of Rubus rosaefolius a 95-per cent germination was obtained 
hy treating the seed with sulfurie acid sp. gr. 1.84 for 45 mins. and 
somewhat over 50 per cent germination with the same treatment for 
Rubus probus, tho Dr. Shull believes a one-hour treatment would 
probably give better results in the case of the latter species. Mrs. 
Davis is now studying the possible effect of a rest period on the 
vermination of Rubus probus seed treated with acid. We have sent 
her some one-year-old seed for this work. 

The best distances for field planting Rubus probus are 8 feet 
hetween rows and 5 to 6 feet between plants in the row. This allows 
for maximum development. On Porto Rican soils it will be found 
advisable to place well-rotted manure under the plants at time of 
setting. Later a mulch of dried grass around the plants will be 
found beneficial. In keeping the field of Queensland raspberries 
free of weeds, it has been noticed that the use of the hoe in severing 
the roots of the berries causes many suckers to spring up. Unless 
the young plants are removed they sap the life of the main plant 
thereby preventing a proper set of fruit. 

TRAINING 

Very little training is necessary in the case of Rubus probus as 
the plants grow quite erect, drooping only slightly. By placing 
heavy end posts extending some 6 feet above the ground with 3-foot 
cross bars of 1” by 4” material at the 2 and 5 foot levels and 
stretching wires along the sides of the berry rows, the canes will 
he held from spreading out too much. 


GENERAL OBSERVATIONS 


While we consider the Queensland raspberry as worthy of more 
extended planting in Porto Rico, because of its strong plant growth 
and its great productiveness, the quality and shape of the fru't are 
defects which we are seeking to remedy by hybridizing Rubus probus 
with northern raspberries of high quality. As a start in this diree- 
tion, we have crossed the Cuthbert (Rubus strigosus), a high quality 
red raspberry (note photo of Cuthbert plant we have used as a 
pollenizer) with R. probus, which makes an excellent pistillate parent 
under our conditions. From the resultant fruit of this cross (note 
illustration) we have obtained several hundred seeds for planting. 
We have also crossed the Manatee dewberry (Rubus trivialis) with 
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FIG. 6.—The Cuthbert Raspberry (Rubus stringosus) in Porto Rico. 
Pollen parent used to hybridize the Queensland Raspberry (hubus probus) 
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Rubus probus and from a few crosses find that the pollen of the 
dewberry is dee’'dedly congenial to probus stock—much more so than 
Cuthbert, which gave rather poorly formed fru‘t in some cases, 
tho plenty of pollen of the Cuthbert has been available over a period 
of two months or more. Our best results in the probus-strigosus 
eross were obtained where the Queensland berry flowers were not 
exposed to the hot midday and afternoon sun. 

Heretofore the Rubus work of the Insular Station has been handi- 
capped by not having the proper conditions in the hills of the Island, 
as mentioned in the 1923-24 Annual! Report of the Insular Experi- 
ment Station. We have lately found a desirable spot near Aibonito 
at the 2,000-foot level, where 18 species and varieties of raspberries, 
blackberries and dewberries have been planted. 

Our experience has so far shown that most of the Rubi from the 
United States, especially those from the northern sections, will not 
develop well under tropical conditions, the two diseases, Leaf-spot 
(Septoria rubi) and Anthracnose (Gloesporium venetum), being too 
much for them, causing defoliation and in some cases death of the 
plants. Quite a contrast is offered by Rubus probus growing near 
by which is untouched by these diseases. The plants from northern 
sections lack vigor in Porto Rico, which increases their susceptibility 
to diseases here. The blackberries and dewberries from the south- 
ern United States make the most vigorous plant growth of the Rubi 
brought from the States and are quite resistant to disease. We are 
bringing some of the varieties through the flowering stage so that 
pollen of the high-quality berries may be used in the hybridization 
of some of the tropical forms which produce fruit more or less lacking 
in quality. Some of these with which we are working are R. ellip- 
ticus, R. moluecanus, R. probus, Rk. niveus, R. glomeratus, R. thun- 
bergii and R. macrei (discussed in my Florida Grower magazine ar- 
ticle, Dec. 6, 1924). Varieties which have flowered and in some eases 
set fruit for us are Cuthbert raspberry, Manatee dewberry, Advance 
blackberry, Rubus hybridus and Rubus ellipticus, the last named 
having been brought from Jamaica, where the plant has become 
naturalized in the h'lls. 

The distribution of prom‘sing agricultural crops in Porto Rico 
will from now on be facilitated by the establishment of the govern- 
ment test farms elsewhere referred to in this article. These farms 
are located in the various distriets and the planters can see for 
themselves the possibilities with certain crops and obtain stock for 
starting their own plantings. 
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FIG. 7.—Inflorescence of the Ceylon Raspberry (Rubus sp. ?) 
(Enlarged 1/3) Photo by Dr. H. L. Dozier, April, 1925 
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A CEYLON RASPBERRY (Rubus sp. ??) 


ONE OF THE MOST PROMISING OF THE TROPICAL BERRIES UNDER TEST 
BY THE INSULAR EXPERIMENT STATION OF PORTO RICO 


The Ceylon berry was supplied together with five other species 
by the Royal Botan‘e Gardens of Peradeniya, Ceylon, coming origi- 
nally from the Hakagala hill gardens of Ceylon. The seed was sent 
from Ceylon on November 27, 1923, and arrived in Porto Rico in 
Mareh, 1924, The first fruits from the March, 1924, planting began 
to mature in Rio Piedras in April, 1928. 


BOTANICAL DESCRIPTION OF THE CEYLON RASPBERRY 


Plant: 3-4 m. high, terete, glabrous, heavily glauecus-pruinose, 
armed with sharp curved spines, about 1 em. long; leaves, pinnate 
with 5 to 7 leaflets usually 7, petioles 9-15 em. long with sharp 
recurved spines, mostly on underside; petiolules and midveins slightly 
prickly ; terminal leaflets, petioluled rhomboid 5-8 em. long, glabrous 
and dark green above, white-tomentose beneath (being whiter beneath 
than leaves of R. glaucus) cordate at base, doubly serrate, accumi- 
nate, palmately veined, veins prominent; side leaflets nearly sessile, 
laneeolate-ovate; inflorencence, clustered at the terminal, appears 
also in upper leaf axils, branches tomentose; sepals lanceolate, 
pubescent, gradually acuminate, 6-8 mm. long, in fruit strongly 
reflexed; petals broadly ovate, color pink or old rose; 5 mm. long 
hy 5 mm. wide, pistils a dark red color. 

Fruit, dark purple covered with fine hairs giving it a pruinose 
effect 10 to 15 mm. long and 15-20 mm. thick, shape conical. Pro- 
duce 6 to 8 fruits in terminal clusters and 1—5 (usually 1-2) fruits 
in each of the axils of leaves. Average 20-25 fruits per fruiting 
braneh. 

In planting the Ceylon species of Rubi, the seed of some unfortu- 
nately became mixed and the preceding species which we have found 
necessary to describe is one of these. We are hoping to obtain the 
true species name either from the Royal Botanic Gardens, Perade- 
nivya, Ceylon, or from the New York Botanical Gardens to which 
places we have sent herbarium material. The Ceylon raspberry 
(Rubus sp.) makes a strong vigorous plant growth and fruits quite 
abundantly under Porto Rican conditions. In _ practically every 
respect. the Ceylon raspberry described on the following sheet 
resembles the black raspberry, excepting the color of the fruit and 
the slight difference in the shape of the berry. The Ceylon berry 
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FIG. 8.—Fruiting Cluster of Ceylon Raspberry (Rubus sp.) Natural size. 
Photo by Dr. H. L. Dozier, Insular Station, April, 1925 
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roots at the tips of the canes so that large numbers of small plants 
can be readily secured. 

The Ceylon raspberry, aside from its possible merit for cultiva- 
tion in tropical countries, has a greater possibility, perhaps, as a 
hybridizer to use in connection with the American black raspberry. 
In the North the black raspberry is very susceptible to a serious dis- 
ease, the anthracnose (Gloesporium venetum) which shortens the 

life of commercial plantations and so is more or less a limiting 
| factor in the profitable cultivation of the crop. The United States 
Department of Agriculture is interested in crossing the black rasp- 
1 
| 





berry which Rubi which make a strong plant growth and which are 
resistant to disease (particularly anthracnose) and it seems that the 
Ceylon raspberry may be just the pollen parent to use in this hy- 
bridization work as so far our tests have shown the Ceylon berry to 
be resistant to both anthracnose and leaf-spot (septoria rubi). Seed 
and young plants of the Ceylon berry will soon be available for use 
by the U. S. Department of Agriculture and other experimenters in 
the United States or elsewhere who may care to work with the 


species. 


























ON THE AMOUNT OF FOOD EATEN BY INSECTS ' 
GrorGeE N. Wo.tcort, Entomologist, Insular Experiment Station. 


In the course of another investigation, it became desirable to 
know how much food insects ate expressed in terms of the weight 
of the insect itself. A search of literature gave surprisingly little 
exact data on this point. 

The caterpillar of Telea polyphemus Cramer, as noted by Trou- 
velot (I), ‘‘when 56 days old—is fully grown and has consumed 
not less than 120 oak leaves, weighing three-fourths of a pound; 
besides this it drank not less than 14 oz. of water. So the food 
taken by a single silkworm in 56 days equal in weight 86,000 t'mes 
the primitive weight of the worm (1/20th grain). Of this, about 
14th lb. becomes excrementitious matter, 207 grains are assimilated 
and over 5 oz. have evaporated.’’ 

The amount of corn leaves eaten by the armyworm, Cirphis uni- 
puncta Haworth, has been measured in square inches (2), and the 
amount of clover leaves eaten by the weevil, Hypera punctata Fa- 
bricius (3). None of this data however, was in terms of the weight 
of the insect, and for the first experiment, the tobacco hornworm, 
Phlegethontius sexta jamaicensis Butler, was chosen because of its 
large size, rapidity of development, availability in Porto Rico, and 
incidentally because of its economic importance. 

Hornworm eggs weigh .00105 gram each, and the just hatched 
larva .0004 gram. The caterpillars were kept in small glass dishes 
with tightfitting covers, the size of the dish being increased as the 
caterpillar grew and needed more room. The food of the caterp'lars 
in the first instar was not weighed, as the amount eaten was so 
minute, but the larvae were weighed daily, and their food and ex- 
crement in succeeding larval instars. The figures of daily consump- 
tion of food and gain in weight of the caterpillars were not compa- 
‘able, as the larvae might recommence eating after molting at any 
time of day or night. But in general, they showed enormous con- 
sumption of food relative to the weight of the larva in the first, or 
first two, days of the instar, but actually larger consumption of food 
the last day previous to the pre-molting period because of the increased 
size of the larva. The apparent gain in weight was also greater in 
the first day or days of each instar because of partly digested food 
with which the alimentary canal was filled, and there was an ap- 


1 Thesis presented in partial fulfilment for the degree of Ph. D. at Cornell University, 
Ithaca, N. Y. 
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parent loss in weight in the pre-molting period as the digestive tract 
was emptied. But each instar represents a very definite period of 
growth, of which the net gain can be readily determined. 


The Growth of Hornworm Caterpillars 


























| 
Food consumed Gain in weight | Excre- 
Instar. | 2 - . -- - —____—_________—__| ment its 
2 "Weight « of , , % : «ot | (Grams) | f° 
= | (Grams) | Total Grams total «Increase food 
; | | | 
Larva ’'A | 
/ See 3 0208 gr. 1% .0071 24 | 1750% | 34.2* 
ae 4] .0732¢r. | 44% | .0285 94 | 406¢ | 38.9 
3rd 5 | “4994 lo Sy 1448 34 508 28.9 
| 1.62 87 5948 13.9 411 36.7 7446 gr. | 45.9 
| 16.0367 86.6 | 3.4976 81.9 588 21.8 | 10.0032 62.4 
| - = | — ~ 
| 18.2501 "| 4.2732 10733 23.4 | 10.7478 gr. | 59. 
| | { plus | 
| | | 
| .0187 gr. | 084 .0064 gr, ld | 1600 34.2* 
| .0788 gr. | 6% | .0277 5 432-349 
| .4067 1.7 .1359 |. 1 490 | 334 1176 er. | 28.9% 
| 2.7756 12 8764 | 17.6 645 | 31.5 | 1.5908 57.3 
! 9.6591 | 85 6 3.934 | 78.9 448 20.0 | 12.5224 | 63.7 
| 22.9389 gr | 49818 | 12455 21.7 |14.2808 gr. | 61.8 
| | | | plus | 
{ 
4| 017 gr | 0.7 .0058 a 1450 34.2% 
SE 4| .0478 | ys 0182 | 8 831 | 82.6 .0232 157 
rita 4 3334 1146 | 1.9 238 34.2 .091 27.2 
ee 5 | 2.7845 10. 9 1 0188 | 16.7 889 | 36.5 | 1.3612 48.8 
ee 9 | 22.1636 | 87.1 4 92038 | 80.6 483 | 22.2 | 12.9584 58.4 
Total....| 26 | 25.4461 gr. | 6.1077 gr. | 15269 24. | 14.4338 gr. | 56.7 





* Computed: average of 2nd, 3d and 4th of all three larvae. 
Days of 5th instar are those to attain maximum weight, not to pupation. 


Of the food consumed, between a fourth and a fifth becomes 
caterpillar, and nearly two-thirds exerement. Both fresh tobacco 
leaves and fresh excrement contain about 86 per cent water—oven-dry 
leaves are 14.2 per cent of their fresh weight and oven-dry excrement 
14.01 per cent—and presumably the caterpillars contained as high a 
percentage of moisture; thus the figures on fresh leaves, living cater- 
pillars and moist excrement are about the same in relation to each 
other as those of oven-dry material. The data on excrement appears 
to show a decreasing digestibility of the food as the caterpillars in- 
crease in size, and the last pellets excreted before pupation are lighter 
in color and possibly not as thoroly digested as the others. But, 
aside from this, it actually indicates a partial drying-out of the 
excrement in the earlier instars because of the proportionately larger 
container used for the caterpillars when they were small. An 
average of the figures for the excrement for the 4th and 5th instars— 
54 per cent of the weight of the food consumed—is probably ap- 
proximately correct for the entire larval period. The smaller net 
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gain of the caterpillar from the food consumed in the last instar 
is due to the physiologic changes occurring in preparation to pupa- 
tion and not to a difference in digestibility of the food. These 
physiologic changes and the ordinary muscular activities of the 
caterpillar entail the production of urates and other waste products. 
In addition to the undigested food, the pellets of excrement contain 
these waste products, which correspond to the urine in higher animals. 
As these two constituents of the excrement can not be mechanically 
separated, the presence of the urates adds another factor of error in 
the data on the excrement. It is however, a relatively constant ele- 
ment for most non-active caterpillars, and will increase considerably 
in amount in the last instar. The digestibility of, or rather, the net 
return from, tobacco leaves by hornworm caterpillars is around 40 
per cent, most of which becomes caterpillar in the earlier instars, 
but nearly half of which is used up in internal changes in the final 
larval instar. 

The data on maximum net gain are not so accurate as might be 
wished, for the weighing should be made as soon as the last peilet 
of excrement is eliminated, and not at the convenience of the experi- 
menter, as the daily loss in weight after the maximum is reached, 
at least in the fifth instar, amounts to about a third of the live 
weight, and as is later shown, the pupa weighs scarcely half the 
maximum of the larva. The remaining difference between food and 
caterpillar plus excrement is accounted for as losses of respiration 
of CO? and H?O from the caterpillar, and from the leaf after weigh- 
ing before it was consumed. Fresh tobacco leaves lost twenty to 
twenty-five per cent of their weight the first day kept in tightly- 
covered glass containers, and the caterpillars never obtained all of 
the moisture they are credited with. There is also a loss of from 
one to three per cent at each molt—the weight of the cast skin— 
and possibly an even greater, but incalculable, loss in the molting 
fluid. 

For comparison with vertebrates which develop rapidly, the 
pounds of dry matter per day for each one hundred pounds of live 
weight of chickens and ducks, as given by Mr. Wm. P. Wheeler 
(4) is: 











| Chickens Dueks Hornworm Caterpillars 
ee — _— ee 
First two weekS............0- 10.1 | 17.2 | 20. (first four instars) 
Two to four weeks ..... ..... 9.6 | 17.0 | 46. (fifth instar) 
' 








The large consumption of food in the last instar of the caterpillar 
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is for the internal activities and changes, and maintenance, until the 
adult can obtain food. It is surprising that a sluggish, cold-blooded 
insect should consume so much more than active birds which have 
a high body temperature to maintain, even tho the birds are able 
to digest, on the average, twice as much of their food. 

The caterpillar of Phlegethontius sexta attains in 26 days, 12,486 
times its original weight (1/2500 gram) and has eaten an amount of 
food 55,600 times its primitive weight; that is, in half the time 
required by Telea polyphemus it attains more than three times the 
relative weight of the latter and consumes nearly one-third less food. 
The difference is due to many factors, the most obvious being the 
difference in weight of the just-hatched larva, 1/2500 gram for the 
hornworm and 1/20th gram for the silkworm, which is an unfortunate 
selection as a basis for comparison. Actually, however, the data ear- 
ried thus far means practically nothing, as the fully grown caterpillar 
is not an adult inseet—it has merely attained its maximum growth. 

Of the three caterpillars, one, ‘‘A’’, escaped when fully grown 
and lost its life in a battle with a lizard. The other two were reared 
to adult and from them the following data was obtained: 





“Be “cr 
Weight of pupa, February 2 RS ee RE 8 eS 2.541 gr. 3. 0895 gr, 
Weight of pupa, February 13__--- pias tbenctieeie! RRA ap Uaes 2. 8542 gr. 
ee a ee ee . 842% . 672% 
Computed weight of pupa at beginning--------~ 2.648 gr. 3. 1965 gr. 
Computed weight of pupa at end —-~~ ate -- 2.14438 gr. 2.7044 gr. 
Weight of pupal skin tra aes eo emai ra ercaene tata . 0346 gr. . 0344 gr. 
Computed weight of meconium and H,O loss 1.4105 gr. 1.6518 gr. 
Weight of food eaten by larva ee ee are fA 25. 447 gr. 
Live weight of adult —- eee ee renee =  »@002. gr. 1, 0182 gr. 
Per cent of weight of food eaten by larva_-_-----~ 3.02% 4. 001% 
Oven-dry weight of food eaten by larva____.------ 3.225 gr. 3.565 gr. 
Oven-dry weight of adult _---------- ey ed ae .277 gr. . 399 gr. 
Per cent of weight of food eaten by larva__-----. 8.6% 11.2% 
tutio: Weight of adult to food eaten by larva_ 1: 11.6 i: 3.9 

a male a female 


The pupxe were not weighed daily as it was feared that the inci- 
dental disturbance might prevent the emergence of adults. The loss 
of H*O from the pupe was possibly abnormal, as they were not 
buried in moist soil, but kept in a closed glass container. The meco- 
nium, which consists of the non-gaseous by-products of the activities 
of the insect since the first day after it, as a fully-grown caterpillar 
ceased voiding excrement, is excreted by the moth immediately on 
emergence and was so scattered that it could not be weighed to 
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separate it from the loss of water experienced by the moth in ex- 
panding and drying its wings, and the combined weight of these 
factors is determined by difference between pupa and adult plus 
pupal skin. 

The computed maximum oven-dry weight of the larva is 2.15 
times (2.15 for ‘‘B’’, 2.14 for ‘‘C’’) that of the adult; that is, the 
insect loses over half its dry weight in transforming from larva to 
adult. The, final data showing that the oven-dry weight of the food 
consumed by the larva is approximately ten times that of the oven- 
dry weight of the moth, is only an approximation for the species, but 
even of two insects, gives a basis for comparison with other insects. 

Mr. J. J. Davis has very kindly furnished the air-dry weights of 
adults of Cirphis unipuncta (ten museum specimens) as being ap- 
proximately .048 plus grams. Ten weighed .489 gr., five weighed 
235 gr. The air-dry weight of corn leaves from young plants is 
02108 gr. per square inch, and .0311 gr. for leaves from mature plants 
of which the armyworms ate 41.4 square inches to complete their de- 
velopment, or from .872712 gr. to 1.28754 gr. The adult weighs only 
from 5.5 per cent or 1/18th, to 4.—per cent or 1/26 of this. Its 
larval period—2614 days—averaged one-sixth less than the horn- 
worm, and obviously corn leaves are less nutritious for armyworms 
than tobacco leaves are for hornworms. 

Indeed the results computed from Mr. Davis’ data are so far re- 
moved from those on tobacco hornworms that it seemed desirable to 
determine how great are the variations in the amount of food eaten 
by caterpillars on different and the same host plants. In most of the 
feeding experiments which were subsequently conducted, only the 
last and the next to the last instars were used; the amount of food 
consumed in the earlier instars, small in any case, being usually 
computed from that eaten in the next to the last larval instar. The 
exerement and the portions of uneaten leaf were dried before weigh- 
ing, to eliminate the error due to partial drying-out which appeared 
in the hornworm experiment. 

Several larve of Feltia anneca Treitsche, a common cutworm of 
tobaceo in Porto Rico, were used in the first experiment, but only 
one transformed to adult under the abnormal conditions involved. 





Weight of food eaten while 





Maximum gross under observ ation Excrement: | Digestibility 
Weight of larvae | — ~--— -—__ -_____ Dry weight of food 
| “Fresh Dry 
See: .807 gr. 3.891 gr. 541522 gr. .175 gr. My 60¢ 
ae .767 gr. 4.617 gr. 641414 gr. | .253 gr. | 604 
wca 643 gr. 5.682 gr. 792644 gr. | 361 gr. | ban 
Asi. ‘37 gr. | (died) | 
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Larva number three transformed to an adult which weighed (dry) 
.064 gr., and its larva had eaten 3.746 gr. of fresh tobacco leaves, 
or .5244 gr., dry, or 8.2 times as much as the weight of the adult. 

A larva of Prodenia sp., another less common cutworm of tobacco 
in Porto Rico, which attained a maximum live weight of 1.7 gr., ate 
6.697 gr. (5.6253 gr. weighed and 1.077 gr. computed) of fresh 
tobaceo leaves, or .93758 gr., but died in pupating. Other adults 
(air-dry) weigh about .1 gr., so its relation to food eaten is probably 
very much the same as of Feltia. Also, an approximately equal 
portion of the food which it ate was transformed into insect—55 per 
cent—as of the 5.6253 gr. of food weighed out to it, .36 gr. of dry 
excrement was obtained. The two cutworms were able to digest and 
assimilate 55 to 60 per cent of the tobacco leaves and produce adults 
Weighing a little more than one-tenth as much as the food they ate. 
The hornworm caterpillars, which were able to digest only a little 
more than 40 per cent of the tobacco leaves, nevertheless produced 
adults which weighed about one-tenth of that of the food they ate. 

A fresh cotton leaf was given to three larve of Alabama argillacea 
Hiibner which had just molted to the last instar. In three days 
they had consumed practically all of it and spun cocoons to pupate. 
The amount actually eaten, after the weight of the stem and the 
fragments had been subtracted, equalled 4.0488 gr., or dry, .971712 
gr. The total net weight of the caterpillars at the beginning of the 
instar was .2436 gr., and at the end .816 gr., a gain of .5724 gr., or 
235 per cent, but this is only 14.1 per cent of the weight of the food 
eaten. The dry excrement weighed .6448 gr., thus the digestibility 
of the cotton leaf by these eaterpillars is less than that of tobacco, 
or 34.7 per cent. The hornworms gained approximately 80 per cent 
of their weight in the last instar, but ate 85 per cent of their food 
at this time. The Alabama caterpillars gained 70 per cent of their 
weight in the last instar, and may be presumed to have eaten about 
75 per cent of their food in this instar. On this basis, the total 
food eaten amounted to 1.3 gr. (dry weight) to produce three moths 
whose dry weight was .1025 gr., giving a ratio of moth to food of 
1 to 12.6. The lower digestibility of the cotton leaf by the Alabama 
eaterpillars necessitated a greater amount of it to produce a_pro- 
portionate amount of insect. 

A larva of Laphygma frugiperda S. & A., was able to digest only 
25 per cent of tender corn leaves with which it was fed, and the 
adult (dry) weighed one-twentieth of the dry weight of the food 
that the larva had eaten. Comparing this data with the results ob- 
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tained by Mr. Davis with the armyworms, which were also fed on 
corn, it appears that substantially similar insects feeding on the 
same host require relatively the same amount of food to produce 
adults. 

More extensive experiments with fifteen larve of Xylomiges ert- 
dania Cramer and ten larve of Bombyx mori Fabricius, fed on the 
leaves of mulberry, with food and larve weighed after their first 
instar, give somewhat similar results. The caterpillars of the Noctuid, 
Xylomiges, digested 36 per cent of the somewhat dry and fibrous 
leaves of Morus tartarica, and ate 26.4 times as much food as their 
adults weighed. The silkworms digested 41 per cent of the tender 
leaves of Morus alba, and ate 23.8 times as much food as their adults 
weighed. The cocoons produced by ten caterpillars weighed 9.702 
gr., of which the silk was 1.1195 gr., or 4.2 per cent of the weight 
of the food eaten. The weight of the moths (air-dry) was .601 gr., 
and of 1392 eggs, computed from that of unhatched eggs of previous 
generations, .599 gr., a total of 1.1 gr., for adults and eggs, or not 
so much as the weight of the silk. The digestibility of mulberry 
leaves by these caterpillars was greater than that of cotton and corn, 
but they ate considerably more of them to produce adults. Ap- 
parently it is true in only a rather general way that the amount of 
food required by insects is inversely proportional to its digestibility. 

In the following table, the air-dry weight of the food of some 
other insects is compared with the weight of the adult, and the ratio 
between them given. None of this data is as accurate as might be 
desired, as the weight of all of the insects is plus the weight of food 
and exerement in the alimentary canal, and is not net as was that 
of the hornworm and of some of the other caterpillars. 


The Amount of Food Needed to Produce an Adult Insect 


Weight of 


Insect adult Food or Host Its weight Ratio 
in grams In grams 
_.. # 3,09sq. in. of clover | Ms * 
Hypera punctata Fabr. .......  . 01552 1 ‘leaves { . 10297 1:7 
Bruchus dominica- + 00312 beans of Acacia far- | | a a 
nus Jekel pt OS ae nesiana \ .02294 1:7,38 
Tiphia transversa Say ...... 024 { Lachnosterna white | 27325 1:9 
Tiphia spp. (females)... .......  .6276 grubs , 1:7 
Campsomerisjmale —...... 0389 { grubs of Ligyrus tu- 28 { 1:6 
dorsata Fabr.i female ......  .046 mulosus Burm. — 4 : 
Elés haamox male |....;.. 006 { grubsof Phytalusapi- ¢ osse2 | § 1:6 
rhoidalisFabr.) female ..... ‘O13 1 calis Blanchard ) 1:3.- 
{ Lachnosterna dubia || 1 
Purgot 1 J Sm. ‘ ¢ ( 1:9 
urgota undata 5) GPE .222 } Laechnosterna fusca | . 4 
Wiedemann ) H ry ; j AW { 1:8 
Caterpillars of Feltra , ‘ 1178 1:6.9 


Ophion bilineatus Say. ....... O19 { venerabilis Walker 
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An additional source of error in the above data is that in the case 
of the parasitic insects which suck the juices from their prey, the 
weight of the chinitous exoskeleton of the host, which, strictly speak- 
ing, is not eaten, has not been subtracted from the weights given, 
and this would give an even lower ratio than is indicated. Thus, 
predaceous insects, which swallow their prey instead of sucking the 
juice out of it, presumably have about the same ratio as is given for 
the parasites in the table. The phytophagous insects also have about 
the same ratio when the food is leguminous, in which case it is a 
balanced ration, the crude fiber of the plants ingested being the 
equivalent of the indigestible chitin eaten by the predaceous insects. 
In the vegetative portion of non-legumes, the amount of protein 
present is much lower, and greater amounts of such food—roots, 
stems and leaves—must be consumed by the insect. The cell-sap of 
plants may form a perfectly balanced ration for some insects, as is 
indicated by the fact that the excreta of the leafhopper, Wolla similis 
Walker, even when feeding on the voung shoots of sugar-cane, 1s 
clear, colorless, tasteless and devoid of sugar (5). Such an almost 





perfect consumption by an insect of the plant juices on which it 
feeds is due to its active habits. By contrast, the honey-dew excreted 
by aphids and mealybugs is an excess of carbohydrates which can 
not be assimilated by these sluggish insects because of their very 
rapid growth and lack of museular activity. 

Animal and plant juices may be aimost entirely completely as- 
similated by most of the insects feeding on them, and they undoubt- 
edly furnish food in its most digestible form. But the digestive 
apparatus of animals feeding on crude fibre is adapted to its diges- 
tion. The decaying plant tissue eaten by snails, slugs, millipedes 
and sowbugs, and the cow-dung inhabited by some of these animals 
and Elaterid and Threviid larve can be digested by them. One 
thinks of wood as being entirely cellulose, and entirely undigestible, 
vet the termite Cryptotermes brevis Walker, due to the protozoa 
present in its alimentary canal which dissolve the cellulose, can as- 
similate over half of some kinds of woods eaten by it. Of other, less 
preferred woods, it assimilates smaller portions (6), but this only 
further serves to illustrate the point that the digestive apparatus of 
animals is usually well adapted to digest the foods which they prefer 
and ordinarily eat. 

The consumption of food by an organism has these purposes: (1) 
maintenance, (2) growth, (3) reproduction and (4) storage for any 
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of the three. Some insects concentrate the consumption of food for 
all of these purposes into the larval period, while many continue 
to eat when adult for maintenance and reproduction, but growth 
for practically all is confined to the larval period. In a general 
way it is known that of the warm-blooded animals, those maturing 
most rapidly obtain a greater adult weight for the food consumed 
than those which mature more slowly, and the smaller animals re- 
quire more for maintenance in proportion to their size, while cold- 
blooded animals require food for maintenance only in proportion 
to thair size and activity, but like the warm-blooded, inversely in 
proportion to their rate of growth. It is obvious that inseéts which 
develop slowly, such as white grubs and wireworms which may re- 
quire three to five years to become adult in the northern United 
States, eat less per day in proportion to their size, but certainly 
consume more for maintenance because they live so long. Active 
insects with a rapid development, like grasshoppers, eat most per 
day, but make a less advantageous use of their food for growth 
than do other insects with about the same rapidity of development 
that remain quiet and consume less energy in voluntary activity, such 
as caterpillars. Insects which develop wings and heavy chitinization, 
and with a complete metamorphosis in their development, require 
more food for these structures and for the changes and losses in- 
volved in passing thru the pupal period, especially when this is 
protected by an extensive silken cocoon. The cocoons of Tiphia and 
Bombyx weigh somewhat more than the air-dry weight of the adults, 
and that of Ophion twice as much. 

Two of the factors involved in the most economical use of foods 
for growth by insects have to do with the food, (1) the closeness with 
which it approximates being a balanced ration for supplying the 
needs of the insect, and (2) its digestibility. The others have to do 
with the insect, its rapidity of development, the amount of its ae- 
tivity, and the production of wings, scales, wax, heavy chitinization 
and similar structures. 

Honey-dew and the nectar of flowers, altho not used for growth, 
are admirably adapted to the needs of adult insects with a high 
rate of muscular activity, such as butterflies, moths, flies, bees, wasps 
and ants. All of these insects in their larval stage, no matter what 
their food may have been, primarily required from it the proteids 


which were essential to growth. But as adults, carbohydrates, es- 
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pecially if in solution and readily available for assimilation, much 
better meet their needs. Insects which are not especially active as 
adults, such as most phytophagous and scavenger beetles, may eon- 
tinue to eat the same kind of food that was acceptable to them as 
larve, for the usually small proteid content of their food is now 
essential for reproduction. Most of the predaceous insects, such as 
dragon flies and the Carabid and Cicindellid beetles, are as active as 
any of those feeding on pure carbohydrates, but swift motility to 
capture their prey is essential, and is maintained despite the high 
proteid content of their food. 

Many insects live for a long time as adults, the eggs of the female 
not maturing for some time after the emergence of the adult from 
the pupal stage. Such insects consume more food for maintenance 
as adults and for reproduction than they did as larve for growth. 
The clover-leaf beetle as an adult eats 4.76 square inches of leaves 
and ‘‘at least an equal amount of stem’’ (3) for maintenance, 
aestivation and reproduction, as compared with 3.09 square inches 
of leaves eaten by the larva for growth and maintenance. An 
Otiorhynchid beetle, Exophthalmodes roseipes Chevrolat, feeding on 
the leaves of sea-grape, Coccoloba uvifera, which have a digestibility 
of 42.6 per cent for this beetle, ate .399 gr. of the fresh leaf in four 
days, or about the equivalent of its own weight, .0982 gr., per day. 
However, as its dry weight was only 35.7 per cent of its live weight, 
and that of the tender sea-grape leaf only 19 per cent of the weight 
of fresh leaves, in a month the beetle would eat 16.2 times its 
own dry weight and such beetles in captivity at least, often live 
two or three months. -. The composition of the food, the length 
and activity of the life of the adult, the number and size of the 
eggs laid by the female all affect the amount of food which is con- 
sumed by the adult. 

The amount of food required by an animal for growth, mainte- 
nance and reproduction varies so greatly and depends on such a 
large number of factors that for exact results it must be determined 
by direct measurement with individuals of the species concerned. 
But in a rather general way, it may be considered that the following 
classes of animals require approximately the amounts of dry weight 
of food multiplied by their own dry weight as indicated in the fol- 
lowing table: 
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Food Required for Insects 





: . . As adults for MAIN 
As larvae or nymphs TENANCE and KE- 

















Group of Insects | ? x J 
I for GROWTPH. PRODUCTION 
| | 
Lepidoptera feeding on grass or other non-legu-) 
Minous plants.............ccccccecceses 3] 20 
Coleoptera with same habits .....4..........+ ee 20 80 
Lepidoptera feeding on leguminous plant ti 7 
Coleoptera with same habits ................0. 0008 } 7 10 
Grasshoppers. mostly grass feeders.......... } 15 | 15 
Crickets. mixed feeders.........00 scccccsecs | 10 10 
Predaceous Insects and Ants..........c0 000s neal 8 15 
APRIGS ANG MOSINDNED....05. 5c. dvaaecscced sswceneses 7 15 (aphids only) 
Leafhoppers and other active Homoptera and| | 
MONI co 5c be cdivcossed cow buena Gacven sui eaeieia 5 | 10 
BW oo os vienna ssnle Pouce sledeeie ck ceo vietieeenaaes 5 | 10 
5 (orless) | 
' 


Parasitic UUSGGtRs, 2.4501 coce Retleccccseaece averse | 


For determining the amount of damage causect by an insect pest 
to a crop, however, even if the amount of food eaten by the indi- 
vidual insect is known and the number of insects present in the field 
can be caleulated, this does not give all the essential factors. In 
the case of living plants, the host is a growing organism which may 
increase enormously in size in only a few days. The predators and 
parasites of the insect are another unknown factor. They may 
rradually and quite evenly reduce the number of certain kinds of 
insects so that the product of their abundance by weight may remain 
constant. Or, the majority of the individuals of a species may be 
able to obtain full growth before beng killed by their enemies. 
Also, the average abundance of an insect. thruout the season seldom 
indieates its importance during the few weeks of its maximum 
activity. Each insect is a special case, and these considerations 
only suggest the numerous difficulties attending the solution of even 
the simplest individual problem of the absolute importance of one 


insect that feeds exclusively on a single host. 
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